A sensitive system. Increases in atmospheric CO 2 cause Earth's atmosphere to warm. But the extent of the warming depends on the response of other parts of the climate system, including clouds and ice sheets. Reconstructions of past climate variability suggest that these factors may make Earth's climate more sensitive to CO 2 changes than most climate models indicate.
T
he plant hormone auxin affects many important aspects of plant growth and development. For example, auxin influences growth of plants relative to gravity (gravitropism) and light (phototropism), placement of leaf primordia, and the establishment of stem cell niches (1) (2) (3) (4) . These processes all depend on differences in the local concentrations of auxin. Such differential auxin concentrations are established through the directed (polar) transport of auxin from sites of biosynthesis (leaves) to sites of action in the shoot and root. In turn, polar auxin transport depends on the asymmetric localization in plant cells of proteins called PINFORMED (PIN) auxin transport facilitators (5) .
The location of PIN proteins, and hence the direction of polar auxin transport, varies depending on the type of tissue. For instance, in central portions of the root, PIN proteins are localized in basal areas of cells and auxin flow is directed downward. In contrast, in emerging leaf and floral primordia, PIN proteins are localized apically and auxin flow is directed upward (4-6) (see the figure) . Because the localization of PIN proteins has such an important influence on polar auxin transport, plant biologists have sought to understand what determines the placement of PIN proteins in plant cells. On page 862 of this issue, Friml et al. (7) provide evidence that a major determinant of PIN protein localization in the model plant Arabidopsis is the serine-threonine kinase PINOID (PID). High levels of PID activity lead to the apical localization of PIN, whereas low levels lead to the basal localization of PIN.
Arabidopsis mutants that carry a defective PINFORMED1 (pin1) gene make barren "pin-like" inflorescences that largely lack floral primordia (see the figure) . Polar auxin transport is reduced in such pin1 mutants, and inhibitors of polar auxin transport induce the development of pin-like inflorescences in wild-type plants (8, 9) . Application of auxin to these barren inflorescences rescues their ability to make pri- 200,000 years in total (9)-suggests that the warming was probably caused mainly by an increase in the atmospheric concentration of CO 2 rather than methane, due to the short lifetime of methane in the atmosphere. The issue is still debated (13) , but the extreme temperature change is consistent with a relatively high climate sensitivity if CO 2 is mainly responsible for the climate event. In addition, the large temperature change near the poles is troubling because there was no permanent sea or land ice at this time. The presumed mechanism for polar amplification in future climate change involves changes in ice cover (14) . The extreme polar warming at the Paleocene-Eocene Thermal Maximum suggests that some additional feedback causes warming at high latitudes in the real climate system that is not incorporated in the current generation of climate models.
A final lesson from past climates is that climate changes are not always slow and steady, but can occur within decades or even years. The documentation of abrupt changes around the world during the last glacial period [e.g., (15)] is a spectacular reminder of how quickly climate can change. The mechanisms responsible for such changes during the ice age probably required a greater extent of land glaciers and sea ice than today, and are therefore unlikely to be experienced in the same way in the near future. However, the response of glaciers on Greenland and Antarctica to enhanced polar warming over the next century is sufficiently uncertain (16) that the possibility of sudden changes must be considered.
It would be a grave mistake to take these lessons from ancient climates as a reason to disregard the projections from climate models. The models are not perfect, but they represent the best understanding of the climate system from a century of observations and remain an essential tool for exploring future climate scenarios. Yet it is not surprising that there are some gaps in this understanding, because our atmosphere is heading toward a state far beyond the boundaries of all modern observations and calibrations.
Paleoclimate studies help to fill these gaps. The lessons are surprisingly consistent, whether from warm climates or cold, whether from millions or thousands of years ago: The climate system is very sensitive to small perturbations. The release of greenhouse gases through human activities represents a large perturbation, sending our atmosphere to a state unlike any seen for millions of years. It behooves us to remember the past as we anticipate the future.
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The pin1 gene encodes a transmembrane protein related to bacterial transporter proteins (5) . There are eight PINlike proteins in Arabidopsis, and defects in several of these result in phenotypes that are consistent with the involvement of these proteins in auxin transport (10) . It is unclear whether PIN proteins themselves transport auxin, but available evidence suggests that at the very least they act as facilitators of auxin transport.
The defect in pinoid (pid) mutants has been harder to understand. Although the inflorescence phenotype of pid mutants is similar to that of pin1 mutants, the pid mutants show only a slight reduction in auxin transport (9) . As is the case with pin1 mutant plants, treatment of pid inflorescences with exogenous auxin induces primordia formation, which suggests that PID and PIN have related functions (4) . However, studies of ectopic pid expression suggest that PID also may be a negative regulator of auxin signaling (11) .
The new work by Friml et al. supports the hypothesis that PID regulates auxin transport. These investigators show that in shoot cells of Arabidopsis where pid is normally expressed, PIN1 is located on the apical membranes of cells. By contrast, in pid mutant plants PIN1 becomes mistargeted to the basal membranes of the shoot cells. This presumably causes a lack of auxin at the site of primordia emergence, resulting in shoots without leaves or flowers (see the figure) . In the root, where pid is not normally expressed, PIN1, PIN2, and PIN4 are located on the basal membranes of cells. Ectopic expression of pid in the root results in mislocalization of PIN proteins to the root cell apical membrane. This is presumed to result in transport of auxin away from the root tip. The reduced auxin levels at the root tip cause termination of root meristem growth. It is noteworthy that either auxin transport inhibitors or pin loss-offunction mutations rescue the root meristem termination phenotype of plants that overexpress pid (7, 12) .
These results can be explained by a model in which the PID kinase acts as a switch that regulates PIN protein localization (see the figure) . In cells where PID is present above threshold levels, PIN is targeted to the apical membrane, whereas in cells that lack PID, PIN proteins accumulate in the cellular basal membrane.
Although these data clarify PID's role in regulating polar auxin transport, important questions about PID function remain to be answered. Most immediate is the question of which proteins are actually phosphorylated by the PID kinase; PIN1 itself does not appear to be a target (7) . Moreover, PID is only one member of a larger protein family whose various constituents are differentially expressed in plants. This raises the possibility that there are many different varieties of PIN-PID interactions. Finally, critical support for the role of PINs and PIDs in auxin transport awaits the development of an accurate and specific method for measuring auxin levels in situ. Given that transcription of the pid gene is itself regulated by auxin (12), our understanding of polar auxin transport will remain incomplete without knowing auxin concentrations at fine spatial and temporal scales. Even without these data, Friml et al.'s results clearly show that PID is an essential regulator of polar auxin transport and they bring us closer to understanding the even more fundamental problem of how plants establish cellular polarity. 
